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1
DEVICE FOR BLOCKING PLASMA
BACKFLOW IN PROCESS CHAMBER TO
PROTECT AIR INLET STRUCTURE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a 371 of international application of
PCT application serial no. PCT/CN2020/077316, filed
on Feb. 29, 2020, which claims the priority benefit of
China application no. 201911413552.4, filed on Dec.
31, 2019. The entirety of each of the above mentioned
patent applications is hereby incorporated by reference
herein and made a part of this specification.

TECHNICAL FIELD

The present invention relates to the field of plasma
etching technology, and more particularly to a device for
blocking plasma backflow in a process chamber to protect an
air inlet structure.

DESCRIPTION OF RELATED ART

Currently, in order to thoroughly clean a coupling window
in the manufacturing process of semiconductor devices, an
electrostatic shielding part can be used, where the use of a
Faraday shield for a plasma processing chamber can reduce
plasma erosion to cavity materials. In the existing technol-
ogy, a middle ceramic inlet port is connected to the Faraday
shield, and an upper radio frequency (radio frequency) is
connected at the same time. Thus, through a cleaning
process, the coupling window and the middle ceramic inlet
port both can be thoroughly cleaned. However, when the
radio frequency power is loaded to the maximum, a cleaning
gas enters the chamber through an air inlet passage and is
ionized inside the chamber under the action of a radio
frequency power supply, to form a plasma flow, which then
flows back into the air inlet passage through an air inlet hole.
Because the air inlet passage is too close to a radio frequency
power point, ignition is caused in the air inlet passage,
damaging an air inlet guide body. Thus, this method cannot
be used.

SUMMARY

To solve the foregoing problem of damage to the air inlet
guide body caused by ignition in the air inlet passage
because the plasma flows back into the air inlet passage
through the air inlet hole, the present invention provides the
following technical solution: A device for blocking plasma
backflow in a process chamber to protect an air inlet
structure is provided, which includes an air inlet nozzle
tightly connected to an air inlet flange, an inner cavity of the
air inlet nozzle being provided with an air inlet guide body,
where:

the air inlet guide body has an upper structure, a middle

structure, and a lower structure, where the upper struc-
ture, the middle structure, and the lower structure are an
integrated structure and are in a shape of cylinder, and
the upper structure has a cross-sectional diameter
smaller than a cross-sectional diameter of the middle
structure; and

a gas gathering area is arranged between the middle

structure and the lower structure, and the middle struc-
ture and the lower structure are connected through the
gas gathering area.
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Preferably, at least one blind hole is arranged on an upper
surface of the air inlet guide body, wherein the blind hole
runs through an upper surface of the upper structure into an
interior of the middle structure; and a lower end of the blind
hole is in communication with one end of a radial hole; and

the radial hole is arranged on an upper-outer surface of the

middle structure, and another end of the radial hole is
in communication with an edge groove; and the edge
groove is arranged on outer side surfaces of the middle
structure and lower structure.

Preferably, an outer side surface of the upper structure is
provided with at least one upper gas groove, the upper gas
groove is arranged on the outer side surface of the upper
structure, and a bottom of the upper gas groove is connected
to one end of the radial groove.

Preferably, another end of the radial groove is connected
to a twisted groove, and the twisted groove is a shape of
spiral and arranged on the outer side surface of the middle
structure.

Preferably, turns of the spiral of the twisted groove has a
number of at least 0.5.

Preferably, another of the radial groove is connected to an
air-guiding sidewall groove, and the air-guiding sidewall
groove is formed by a plurality of air grooves.

Preferably, the air-guiding sidewall groove has at least
one air groove inclined to the lower right and at least one air
groove inclined to the lower left, and the air groove inclined
to the lower right and the air groove inclined to the lower left
are connected to each other sequentially in a gas flow
direction.

Preferably, the air-guiding sidewall groove has an axial
straight air groove, at least one air groove inclined to the
lower right, and at least one air groove inclined to the lower
left.

Preferably, the axial straight air groove is connected to the
other end of the radial groove, and the air groove inclined to
the lower left and the air groove inclined to the lower right
are connected to each other sequentially in a gas flow
direction.

Preferably, the device further includes an insulation pro-
tection layer, which is disposed between the air inlet flange
and the air inlet guide body.

The present invention has the following beneficial effects:

In the present invention, the electron energy is eliminated,
that is, a region closest to an air inlet flange with the radio
frequency power is insulated and uncharged. Thus, it is
impossible to form a path connected to a high-power part,
avoiding damage to an air inlet guide body caused by
ignition in an air inlet passage because the plasma flows
back into the air inlet passage through an air inlet hole and
the air inlet passage is too close to a radio frequency power
point.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic structural diagram of an etching
system,

FIG. 2 is a schematic structural diagram of an air inlet
guide body in the prior art;

FIG. 3 is a sectional diagram of an air inlet guide body in
a first embodiment of the present invention;

FIG. 4 is a schematic structural diagram of the air inlet
guide body in the first embodiment of the present invention;

FIG. 5 is a schematic structural diagram of an air inlet
guide body in a second embodiment of the present inven-
tion;
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FIG. 6 is a schematic structural diagram of an air inlet
guide body in a third embodiment of the present invention;
and

FIG. 7 is a schematic structural diagram of an air inlet
guide body in a fourth embodiment of the present invention.

Meanings of numerals: 6. Coil, 8. Radio frequency
matcher, 10. Air inlet flange, 20. Air inlet nozzle, 30. Air
inlet guide body, 301. Blind hole, 302. Radial hole, 303.
Edge groove, 311. Upper gas groove, 312. Radial groove,
313. Twisted groove, 321. Air groove inclined to the lower
left, 322. Air groove inclined to the lower right, 331. Axial
straight air groove, 343. Air channel; 40. Gas gathering area,
50. Insulation protection layer, 710. Section

DESCRIPTION OF THE EMBODIMENTS

The technical solutions in the embodiments of the present
invention are clearly and completely described in detail
below with reference to the accompanying drawings in the
embodiments of the present invention.

When an etching system shown in FIGS. 1 and 2 requires
a cleaning process, connection of an upper radio frequency
matcher 8 to a coil 6 is turned off, and a passage to an air
inlet flange 10 is connected. Meanwhile, a cleaning gas
enters a reaction chamber through the air inlet flange 10 and
is ionized into a cleaning plasma flow inside the chamber, to
clean the interior and upper area of the chamber. However,
because the air inlet flange 10 is connected to a high-power
cleaning radio frequency and air channels 343 on an air inlet
guide body 30 are in a vertical direction, the plasma pro-
duced inside the chamber is likely to flow back into the air
channels 343 through an air outlet on the bottom of an air
inlet nozzle 20. Further, because the air inlet flange 10 is
tightly connected to the upper portion of the air inlet guide
body 30, the air channels 343 are communicated with the air
inlet flange 10. Then, the gas discharges in this region, so
that a high charge is produced inside the air channels 343,
burning out the air inlet guide body. To solve the foregoing
problem, several technical solutions are proposed below.

Embodiment 1

Referring to FIGS. 3 and 4, a first embodiment provides
the following technical solution: A device for blocking
plasma backflow in a process chamber to protect an air inlet
structure is provided, which includes an air inlet nozzle 20
tightly connected to a metal air inlet flange 10, where an
inner cavity of the air inlet nozzle 20 is provided with an air
inlet guide body 30; wherein the air inlet guide body 30 has
an upper structure, a middle structure, and a lower structure,
where the upper, middle, and lower structures are an inte-
grated structure and are all cylindrical, and the cross-
sectional diameter of the upper structure is smaller than that
of the middle structure; and

wherein a gas gathering area 40 is arranged between the
middle structure and the lower structure, and the middle
structure and the lower structure are connected by the gas
gathering area 40.

In order to the solve the problem of damage to the air inlet
guide body caused by ignition in an air inlet passage because
the plasma flows back into the air inlet passage through an
air inlet hole, the upper surface of the air inlet guide body 30
is provided with at least one blind hole 301 in the present
invention. A circle of blind holes 301 are provided along the
circumference of the upper surface of the upper structure,
and run through the upper surface of the upper structure into
the middle structure.
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The present invention further includes several radial holes
302 and several edge grooves 303. Each of the radial holes
302 is radially arranged on the outer surface of the upper
portion of the middle structure, and is communicated with
the bottom end of one of the blind holes 301; and the other
end of each radial hole 302 is communicated with one of the
edge grooves 303.

The edge grooves 303 may be arranged on the outer side
face of the middle structure, and end at the gas gathering
area 40. As shown in FIG. 4, the edge grooves 303 may also
be arranged on the outer side faces of the middle and lower
structures, and extend from the middle structure to the lower
structure.

An insulation protection layer 50 is disposed between the
air inlet flange 10 and the air inlet guide body 30, and wraps
the air inlet flange 10. The material of the insulation pro-
tection layer 50 is plastic, and is generally polytetratluoro-
ethylene, polyimide or polyketone. Such a material can
realize high-voltage insulation consumption, greatly reduc-
ing the damage of the high radio frequency power to the air
inlet guide body at the bottom.

When the system is subjected to a cleaning process, a
cleaning gas is introduced from the air inlet flange 10; flows
through the blind holes 301, the radial holes 302, and the
edge grooves 303 on the air inlet guide body 30; and is
finally discharged from an air outlet on the bottom of the air
inlet nozzle 20. When flowing back through the air outlet,
the plasma flow in the chamber needs to enter the edge
grooves 303 through the air inlet passage. Because the edge
grooves 303 are physically clogged at the top, at this
position, the plasma flow is likely to hit the solid walls at the
top of the edge grooves 303, and then electrons gradually
disappear with the collision energy. That is, a region closest
to the air inlet flange 10 with the radio frequency power is
insulated and uncharged, and therefore, it is impossible to
form a path connected to a high-power part, thus protecting
the air inlet guide body 30 from high-heat and high-radio
frequency damage.

Embodiment 2

Referring to FIG. 5, a second embodiment provides the
following technical solution: A device for blocking plasma
backflow in a process chamber to protect an air inlet
structure is provided, which includes an air inlet nozzle 20
tightly connected to a metal air inlet flange 10, where an
inner cavity of the air inlet nozzle 20 is provided with an air
inlet guide body 30;

wherein the air inlet guide body 30 has an upper structure,
a middle structure, and a lower structure, where the upper,
middle, and lower structures are an integrated structure and
are all cylindrical, and the cross-sectional diameter of the
upper structure is smaller than that of the middle structure;
and

wherein a gas gathering area 40 is arranged between the
middle structure and the lower structure, and the middle
structure and the lower structure are connected by the gas
gathering area 40.

In order to the solve the problem of damage to the air inlet
guide body caused by ignition in an air inlet passage because
the plasma flows back into the air inlet passage through an
air inlet hole, the outer side face of the upper structure is
provided with several upper gas grooves 311 in the present
invention, and the upper gas grooves 311 are axially
arranged on the outer side face of the upper structure, where
the bottom of each upper gas groove 311 is connected to one
end of one radial groove 312.
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The present invention further includes several radial
grooves 312 and several twisted grooves 313, where the
other ends of the radial grooves 312 are respectively com-
municated with the twisted grooves 313. The twisted
grooves 313 are spirally arranged on the outer side face of
the middle structure, and extend to the gas gathering area 40.

The number of turns of the spiral on the twisted groove
313 may be set to 0.5; or may also be adjusted according to
the processing difficulty and the pressure of the gas flow in
the chamber, and one or more turns of spiral may also be
arranged.

An insulation protection layer 50 is disposed between the
air inlet flange 10 and the air inlet guide body 30, and wraps
the air inlet flange 10. The material of the insulation pro-
tection layer 50 is plastic, and is generally polytetrafiuoro-
ethylene, polyimide or polyketone. Such a material can
realize high-voltage insulation consumption, greatly reduc-
ing the damage of the high radio frequency power to the air
inlet guide body at the bottom.

When the system is subjected to a cleaning process, a
cleaning gas introduced from the air inlet flange 10 flows
through the upper gas grooves 311, the radial grooves 312,
and the twisted grooves 313, and gathers at the gas gathering
area 40; and is finally ejected from an air outlet of the air
inlet nozzle 20. When flowing back through the air outlet,
the plasma in the chamber reaches the bottom of the twisted
grooves 313 via the gas gathering area 40. Because the
twisted grooves 313 are oblique, the plasma with electrons
collides on the oblique walls of the twisted grooves 313, and
then the electrons gradually disappear with the collision
energy. Therefore, it is impossible to form a path connected
to a high-power part, thus protecting the air inlet guide body
30 from high-heat and high-radio frequency damage.

Embodiment 3

Referring to FIG. 6, a third embodiment provides the
following technical solution: A device for blocking plasma
backflow in a process chamber to protect an air inlet
structure is provided, which includes an air inlet nozzle 20
tightly connected to a metal air inlet flange 10, where an
inner cavity of the air inlet nozzle 20 is provided with an air
inlet guide body 30;

wherein the air inlet guide body 30 has an upper structure,
a middle structure, and a lower structure, where the upper,
middle, and lower structures are an integrated structure and
are all cylindrical, and the cross-sectional diameter of the
upper structure is smaller than that of the middle structure;
and

wherein a gas gathering area 40 is arranged between the
middle structure and the lower structure, and the middle
structure and the lower structure are connected by the gas
gathering area 40.

In order to the solve the problem of damage to the air inlet
guide body caused by ignition in an air inlet passage because
the plasma flows back into the air inlet passage through an
air inlet hole, the outer side face of the upper structure is
provided with several upper gas grooves 311 in the present
invention, and the upper gas grooves 311 are axially
arranged on the outer side face of the upper structure, where
the bottom of each upper gas groove 311 is connected to one
end of one radial groove 312, and the number of the radial
grooves 312 is identical with that of the upper gas grooves
311.

The other end of each radial groove 312 is connected to
an air-guiding sidewall groove, where the air-guiding side-
wall groove is formed by a plurality of air grooves, and has
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at least one air groove 322 inclined to the lower right and at
least one air groove 321 inclined to the lower left. The air
groove 322 inclined to the lower right and the air groove 321
inclined to the lower left are connected in sequence in a gas
flow direction, and their numbers are adjusted according to
the processing difficulty and the pressure of the gas flow in
the chamber.

An insulation protection layer 50 is disposed between the
air inlet flange 10 and the air inlet guide body 30, and wraps
the air inlet flange 10. The material of the insulation pro-
tection layer 50 is plastic, and is generally polytetratluoro-
ethylene, polyimide or polyketone. Such a material can
realize high-voltage insulation consumption, greatly reduc-
ing the damage of the high radio frequency power to the air
inlet guide body at the bottom.

As shown in FIG. 6, the middle structure of the air inlet
guide body 30 may be formed by two separate parts, and the
air ducts in the two parts are opposite in direction and are
divided by a section 710. In a cleaning process of the system,
when flowing back through an air outlet, the plasma in the
chamber reaches the bottom of the air grooves 322 inclined
to the lower right via the gas gathering area 40. Because the
air grooves 321 inclined to the lower left and the air grooves
322 inclined to the lower right are oblique, the plasma with
electrons collides on the oblique walls of the air grooves 321
inclined to the lower left and the air grooves 322 inclined to
the lower right, and then the electron energy gradually
disappears. Therefore, it is impossible to form a path con-
nected to a high-power part, thus protecting the air inlet
guide body 30 from high-heat and high-radio frequency
damage.

Embodiment 4

Referring to FIG. 7, a fourth embodiment provides the
following technical solution: A device for blocking plasma
backflow in a process chamber to protect an air inlet
structure is provided, which includes an air inlet nozzle 20
tightly connected to a metal air inlet flange 10, where an
inner cavity of the air inlet nozzle 20 is provided with an air
inlet guide body 30;

wherein the air inlet guide body 30 has an upper structure,
a middle structure, and a lower structure, where the upper,
middle, and lower structures are an integrated structure and
are all cylindrical, and the cross-sectional diameter of the
upper structure is smaller than that of the middle structure;
and

wherein a gas gathering area 40 is arranged between the
middle structure and the lower structure, and the middle
structure and the lower structure are connected by the gas
gathering area 40.

In order to the solve the problem of damage to the air inlet
guide body caused by ignition in an air inlet passage because
the plasma flows back into the air inlet passage through the
air inlet hole, the outer side face of the upper structure is
provided with several upper gas grooves 311 in the present
invention, and the upper gas grooves 311 are axially
arranged on the outer side face of the upper structure, where
the bottom of each upper gas groove 311 is connected to one
end of one radial groove 312, and the number of the radial
grooves 312 is identical with that of the upper gas grooves
311.

The other end of each radial groove 312 is connected to
an air-guiding sidewall groove, where the air-guiding side-
wall groove is formed by a plurality of air grooves, and has
an axial straight air groove 331, at least one air groove 322
inclined to the lower right, and at least one air groove 321
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inclined to the lower left. The axial straight air grooves 331
are connected to the other ends of the radial grooves 312,
and the air groove 321 inclined to the lower left and the air
groove 322 inclined to the lower right are connected in
sequence in a gas flow direction.

An insulation protection layer 50 is disposed between the
air inlet flange 10 and the air inlet guide body 30, and wraps
the air inlet flange 10. The material of the insulation pro-
tection layer 50 is plastic, and is generally polytetrafiuoro-
ethylene, polyimide or polyketone. Such a material can
realize high-voltage insulation consumption, greatly reduc-
ing the damage of the high radio frequency power to the air
inlet guide body at the bottom.

As shown in FIG. 7, the air-guiding sidewall groove is
formed by several sections, which include the axial straight
air groove 331, and the air groove 321 inclined to the lower
left and the air groove 322 inclined to the lower right that are
opposite in direction. The three-section air duct may be
arranged on a complete cylindrical sidewall, or may also be
assembled from three separate parts in sequence. In addition,
in this embodiment, the numbers of the air grooves 321
inclined to the lower left and the air grooves 322 inclined to
the lower right are adjusted according to the processing
difficulty and the pressure of the gas flow in the chamber.

In a cleaning process of the system, when flowing back
through an air outlet, the plasma in the chamber reaches the
bottom of the air grooves 322 inclined to the lower right via
the gas gathering area 40. Because the air grooves 321
inclined to the lower left and the air grooves 322 inclined to
the lower right are oblique, the plasma with electrons
collides on the oblique walls of the air grooves 321 inclined
to the lower left and the air grooves 322 inclined to the lower
right, and then the electron energy gradually disappears.
Therefore, it is impossible to form a path connected to a
high-power part, thus protecting the air inlet guide body 30
from high-heat and high-radio frequency damage.

Although the embodiments of the present invention have
been shown and described, those of ordinary skill in the art
can understand that various changes, modifications, substi-
tutions, and variations can be made to these embodiments
without departing from the principle and spirit of the present
invention. The scope of the present invention is defined by
the appended claims and their equivalents.

What is claimed is:

1. A device for blocking plasma backflow in a process
chamber to protect an air inlet structure, comprising an air
inlet nozzle connected to an air inlet flange, an inner cavity
of the air inlet nozzle being provided with an air inlet guide
body, wherein

the air inlet guide body has an upper structure, a middle

structure, and a lower structure, where the upper struc-
ture, the middle structure, and the lower structure are an
integrated structure and are in a shape of cylinder, and
the upper structure has a cross-sectional diameter
smaller than a cross-sectional diameter of the middle
structure; and

a gas gathering area is arranged between the middle

structure and the lower structure, and the middle struc-
ture and the lower structure are connected through the
gas gathering area,
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wherein at least one blind hole is arranged on an upper
surface of the air inlet guide body, wherein the blind
hole runs through an upper surface of the upper struc-
ture into an interior of the middle structure; and a lower
end of the blind hole is in communication with one end
of a radial hole;

wherein the radial hole is arranged on an upper-outer

surface of the middle structure, and another end of the
radial hole is in communication with an edge groove;
and

the edge groove is arranged on outer side surfaces of the

middle structure and lower structure.

2. The device for blocking plasma backflow in the process
chamber to protect the air inlet structure according to claim
1, wherein an outer side surface of the upper structure is
provided with at least one upper gas groove, wherein the
upper gas groove is arranged on the outer side surface of the
upper structure, and a bottom of the upper gas groove is
connected to one end of the radial groove.

3. The device for blocking plasma backflow in the process
chamber to protect the air inlet structure according to claim
2, wherein another end of the radial groove is connected to
a twisted groove, and the twisted groove is a shape of spiral
and arranged on the outer side surface of the middle struc-
ture.

4. The device for blocking plasma backflow in the process
chamber to protect the air inlet structure according to claim
3, wherein turns of the spiral of the twisted groove has a
number of at least 0.5.

5. The device for blocking plasma backflow in the process
chamber to protect the air inlet structure according to claim
2, wherein another end of the radial groove is connected to
an air-guiding sidewall groove, and the air-guiding sidewall
groove is formed by a plurality of air grooves.

6. The device for blocking plasma backflow in the process
chamber to protect the air inlet structure according to claim
5, wherein the air-guiding sidewall groove has at least one
air groove inclined to the lower right and at least one air
groove inclined to the lower left, and the air groove inclined
to the lower right and the air groove inclined to the lower left
are connected to each other sequentially in a gas flow
direction.

7. The device for blocking plasma backflow in the process
chamber to protect the air inlet structure according to claim
5, wherein the air-guiding sidewall groove has an axial
straight air groove, at least one air groove inclined to lower
right, and at least one air groove inclined to lower left.

8. The device for blocking plasma backflow in the process
chamber to protect the air inlet structure according to claim
7, wherein the axial straight air groove is connected to the
other end of the radial groove, and the air groove inclined to
lower left and the air groove inclined to lower right are
connected to each other sequentially in a gas flow direction.

9. The device for blocking plasma backflow in the process
chamber to protect the air inlet structure according to claim
1, further comprising an insulation protection layer, which is
disposed between the air inlet flange and the air inlet guide
body.



